Abstract
Introduction
coordinated movement (Mancia et al. 2016) , which is assumed to be related to neurological 67 development (Byers et al. 2010 ).
68
In these distinctions between vigour and skill, it seems that there is some overlap 69 between the two concepts as both may be constrained by physiological systems and by 70 energy demands, and both are linked to temporal variation in behaviour. However, skill, thus 71 defined, also encompasses an element that is absent in respect of vigour. This is variation in 72 the spatial component of expressed behaviour, that is, in the patterns of the movements 73 performed. Therefore, analyses that seek to determine whether skill is functionally significant 74 should focus on analysis of variation in movement patterns. Typically, these movement 75 patterns can be compared between individuals that achieve an outcome and those that fail to 76 achieve an outcome that is dependent upon the behaviour in question. also by the height of jumping (Manica et al. 2016) . Although it is difficult to determine what 87 traits constrain jump height it was suggested that the ability to perform well-coordinated 88 motor movements should contribute to jump height, such that it might represent a correlate of 89 skill. Interestingly, leap rate is negatively correlated with leap height. This correlation is 90 unlikely to be driven by the fact that higher jumps take longer to perform because the birds between these two components of the display (Manica et al. 2016 ).
94
Although contests are not necessarily a result of sexual selection (Briffa & Sneddon, 95 2007; 2010; , agonistic behaviours show clear parallels with sexually 96 selected displays, as both involve decisions (Mowles & Ord, 2012 ) based on challenging 97 activities (Briffa & Sneddon, 2007) . Thus, if skill is an important feature of courtship 98 displays there is also the potential for skill to differ between the winners and losers of 99 contests. In fact, current contest theory implies that skill could be important for two reasons. information about the opponent's RHP. Here, the loser is the first individual to reach a cost 108 threshold, the maximum limit of costs that an individual is either willing or able to bear.
109
Thus, repeated signals demonstrate stamina and the contest is won by the individual with 'defender', spending the majority of the fight tightly withdrawn into its shell, resisting the 123 attempts of its larger opponent, the 'attacker', to evict it by pulling it out of its shell through 124 the aperture (Fig. 1) . In order to secure an eviction, attackers must perform vigorous bouts of 125 shell rapping. Attackers grasp the shell of the defender using their walking legs. Then they 126 use their abdominal musculature to repeatedly move their shell towards and away from the 127 shell of the defender, so that the defender's shell is struck by a rapid succession of raps.
128
Successful attackers perform more raps per bout of rapping, hit harder and often leave shorter 129 pauses between bouts of rapping compared to those that give up without evicting the 130 defender. They also show greater escalation in the rate of rapping compared to attackers that 131 are unsuccessful, and the differences in the vigour of rapping between the two outcomes 132 become more marked towards the end of the fight (Briffa et al., 1998 
173
Following this period, fights were staged in an identical plastic container, which was placed 174 behind the one-way mirror of an observation chamber, such that the observer could not be seen 175 by the crabs. The larger crab was placed into the dish first, followed by the smaller crab after 176 a 5-minute interval. Video recordings of each fight were made using a GoPro HERO 3+ camera 177 mounted directly above the container. One hundred and thirty-three contests were staged.
178
Rapping occurred in eighty-three of these, but any fights where the video footage was not of 179 sufficient quality to observe the movements of attackers' shell during rapping were excluded.
180
This left a total of 78 fights for analysis.
181
The temporal pattern of shell rapping was scored from the video recordings using The 182 Observer XT software. We also recorded the outcome of each fight (eviction or non-eviction).
183
For each rap, individual frames were then extracted from the video recording using KMPlayer 184 software. These frames were then analysed using ImageJ software to find the frame with the 185 maximum displacement distance between the attacker's and defender's shells for each rap.
186
Maximum displacement distance was defined as the shortest distance between the outer margin 187 of the body whorl of the attacker's shell and the parietal wall of the defender's shell, the latter 188 being the point of impact on the ventral shell surface of the defender's shell near the aperture. 
Results

234
There was no interaction effect between outcome and RWD on the total number of raps (F1,74 (Fig. 4) . There was also a significant interaction for successful attackers the mean number of raps increased across bouts whereas the number 288 of raps declined from bout to bout for attackers that gave up without evicting the defender 289 (F1,195.39 = 8.87, P = 0.003) (Fig. 6 ). behaviours (Latruffe, McGregor& Oliveira, 1999 
366
Indeed, both are compatible with our result that skill differs between fight outcomes.
367
In addition to defining skill as performing a challenging activity well, Byers et al. Rather, defenders might assess the sustained vigour that short displacement distances allow, the chance of success in subsequent agonistic encounters (Yasuda, Matsuo, & Wada, 2015) .
401
Assuming that larger hermit crabs are older (Lancaster, 1998) 
